1 Catalyst characterization
Procedures for XRD test
The crystalline structure of catalysts were characterized by X-ray diffraction (XRD) (X Pert Pro MPD with Cu Kα radiation, Philip) operated at 40 kV and 30 mA. The scanning angle (2θ) ranged from 5° to 80° and they were recorded with 0.0167° steps.
Procedures for TG-DTA test
The thermo-gravity -differential thermal analysis (TG-DTA) results of used catalyst was performed on a STA HP/2 instrument (air atmosphere 50 mL/min and heating rate of 10 Kmin -1 ). Prior to the test, the used catalyst was dried in air at 393 K for 24 h.
Procedures for Py-IR test
Py-IR was performed in Vertex 70 (Bruker) FT-IR spectrophotometer with a deuterium triglycine sulfate (DTGS) detector. For each run, the sample was pressed into self-supporting wafers and degassed in vacuum at 573 K for 1 h followed by exposure to pyridine vapor. then, the Py-IR spectra were measured at 473 K after applying vacuum for 30 min. The quantification of Brønsted and Lewis acid sites was estimated from the integrated area of adsorption bands at 1540 cm -1 and 1450 cm -1 respectively.
Procedures for BET test
The Brunauer-Emmett-Teller (BET) surface area, external surface area, pore volume were determined by nitrogen adsorption at 77 K using a QUADRASORB SI analyzer equipped with QuadraWin software system. All samples were degassed at 573 K for 8 h before adsorption measurement. After measurement, surface areas were calculated 
